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1. General Information
1.1.

1.2

1.3.

Client Information

Applicant Bhaptics, Inc.

Address of Applicant A606 Admin. B/D, 193 Munji-ro, Yuseong-gu, Daejeon, Korea
General Description of E.U.T.

Product Name TACTOSY

Model No. BHTTS5401

Details of E.U.T.

Operating Frequency 2 402 MHz to 2 480 MHz

Type of Modulation GFSK

Number of Channels 40 Channels

Channel Separation 2 MHz

Duty Cycle Continuous operation possible for testing purposes
Antenna Type Chip Antenna

Antenna gain 0.5 dBi

Speciality Bluetooth specification version 4.2 (BLE)

Power Supply Working voltage

Normal Test Voltage DC3.7V
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1.4. Test Facility
The test site and measurement facilities used to collect the radiated and conducted data are located at

#107-27, Jangdeokdong-gil, Namyang-eup, Hwaseong-si, Gyeonggi-do, Korea. This test site has
been accredited as a Conformity Assessment Body and the registration number for FCC test firm is

251179.
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2. Test Equipment and Ancillaries used for Tests

No. | Test Equipment Manufacturer Model No. Serial No. Cal. Date Next Cal. Date etlljusl‘;t)dm
en
1 | Spectrum Analyzer Agilent E4440A MY45304715 16.10.13 17.10.13 |
2 | Frequency Counter HP 53508 3049A05530 16.06.02 17.06.02 O
3 | DCPowerSupply|  ALINCO DM-340MV F001015 16.06.01 17.06.01 ]
4 Signal Generator | Leader Electronics 3220 137231 16.06.01 17.06.01 (]
5 | Synthesized CW HP 83711B US34490158 16.06.01 17.06.01 0
Generator
6 SYSI\I\;E};EPS];Z{ED HP 8340B 2804A00830 16.06.01 17.06.01 ]
7 (}F;lecrzz’onr IWATSU SG-4105 62372780 16.06.01 17.06.01 0
8 Modulation Agilent 8901B 3438A05099 16.06.01 17.06.01 O
Analyzer
9 | Audio Analyaer Agilent 8903B 3279A18576 16.06.01 17.06.01 O
10 | Power Meter Agilent E4418B GB43312894 16.06.02 17.06.02 O
11 | Power Sensor HP 8485A 3316A14708 16.06.02 17.06.02 O
12 | Power Sensor Agilent 84828 2703703543 16.06.02 17.06.02 0
13 | Pre Amplifier GTC GA-1825A GT0929/003 16.06.01 17.06.01 ]
14 Attenuator Weinsche 53-30-33 MG906 16.06.01 17.06.01 O
15 | Step Attenuator Agilent 8494B MY41110204 16.06.01 17.06.01 O
16 | Step Attenuator Agilent 84958 3308A17660 16.06.01 17.06.01 O
17 | Step Attenuator Agilent 8496B US40152183 16.06.01 17.06.01 O
18 Attenuator HP 30dB N/A 16.06.01 17.06.01 ]
19 Attenuator TAE SUNG SMA-1 N/A 16.06.01 17.06.01 0
20 Attenuator TAE SUNG SMA-2 N/A 16.06.01 17.06.01 O
21 |  Termination | KWANG YEOK | KYTE-NJ-150W 2040004 16.06.01 17.06.01 O
22 | Spectrum Analyzer LIG ISA-265 L0812M002 16.10.18 17.10.18 O
23 | Bluetooth Tester TESCOM TC-3000A 3000A590236 16.06.02 17.06.02 O
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24 | Loop ANT. Com-Power AL-130 121010 15.06.05 17.06.04 ]
25 Horn ANT. | SCHWARZBECK | BBHA 9120D 831 16.07.21 18.07.21 ]
26 | Temp & Humidity | g o Tech SE-CT-02 | S7400JD5340618 16.06.01 17.06.01 O
Chamber
27 | Test Receiver LIG Nex!1 LSA-265 L07098033 16.10.13 17.10.13 ]
28 | TestReceiver |ROHD EIf‘ZSCHWA ESPI 101014 16.06.01 17.06.01 ]
29 | Bilog Antenna | SCHWARZBECK |  VULB9160 3311 15.11.19 17.11.18 0
30 | Bidog Antenna | DX Rl;ni"]“ﬁons HLP-2006C 131010 16.09.23 18.09.23 ]
31 | AMPLIFIER SONOMA 310N 251847 16.02.29 17.02.28 ]
32 | RMS Multimeter ATL}’EIK?E FLUKES7 61160149 16.06.01 17.06.01 ]
33 LISN ;{é)H}iNDiﬁz ENV216 101732 16.02.29 17.02.28 ]
34 LISN Kyoritsu KNW-407 8-1010-14 16.06.02 17.06.02 ]
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3. Summary of Test Results

No Test Standard Sub-Class Result
0 Antenna Requirement §15.203,§15.247(¢c) Compliant
1 Maximum Peak Output Power §15.247(b) Compliant
2 Peak Power Spectral Density §15.247(e) Compliant
3 Occupied 6dB Bandwidth §15.247(a) Compliant
4 Band Edges Compliance §15.247(d) Compliant
5 Conducted Spurious Emission §15.247(d) Compliant
6 Radiated Spurious Emission §15.247, §15.205, §15.209 | Compliant
7 AC Powerline Conducted Emission §15.107, §15.207 Compliant
8 Radio Frequency Exposure Procedures §2.1093 Compliant
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4. Test Results
4.1. E.U.T. test conditions

Test Voltage: DC3.7V
Temperature: 23°C~25°C
Humidity: 40 % R.H. ~ 50 % R.H.

Atmospheric Pressure:  100.0 kPa ~ 100.5 kPa

Test frequencies and - FCC Part 15 Section 15.31(m) :

frequency range: Measurements on intentional radiators or receivers, other than TV
broadcast receivers, shall be performed and, if required, reported for each
band in which the device can be operated with the device operating at the
number of frequencies in each band specified in the following table:

- FCC Part 15 Section 15.33 (a) :

For an intentional radiator, the spectrum shall be investigated from the
lowest radio frequency signal generated in the device, without going below
9 kHz, up to at least the frequency shown in the following table:

Number of fundamental frequencies to be tested in EUT transmit band

Frequency range in which Number of Location in frequency range
device operates frequencies of operation
1 MHz or less 1 Middle
1 MHz to 10 MHz 2 1 near top and 1 near bottom
1 near top, 1 near middle and 1
More than 10 MHz 3
near bottom

Frequency range of radiated emission measurements

Lowest frequency generated
) i Upper frequency range of measurement
in the device

10th harmonic of highest fundamental frequency or to 40 GHz,

whichever is lower

At or above 10 GHz to below | 5th harmonic of highest fundamental frequency or to 100 GHz,
30 GHz whichever is lower

5th harmonic of highest fundamental frequency or to 200 GHz,

whichever is lower, unless otherwise specified

9 kHz to below 10 GHz

At or above 30 GHz
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4.1.1. EUT channels and frequencies list

Channel Frequency Channel Frequency

(MHz) (MHz)
0 2 402 20 2442
1 2 404 21 2444
2 2 406 22 2 446
3 2408 23 2 448
4 2410 24 2 450
5 2412 25 2452
6 2414 26 2454
7 2416 27 2456
8 2418 28 2458
9 2420 29 2 460
10 2422 30 2462
11 2424 31 2 464
12 2426 32 2 466
13 2428 33 2468
14 2430 34 2470
15 2432 35 2472
16 2434 36 2474
17 2436 37 2476
18 2438 38 2478
19 2 440 39 2 480

4.1.2. Test Mode

All test mode(s) and condition(s) mentioned were considered and evaluated respectively by

performing full tests, the worst data were recorded and reported.

Test mode Low channel Middle channel High channel
Transmitting 2 402 MHz 2 440 MHz 2 480 MHz
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4.2. Antenna

4.2.1. Requirement
- FCC Part 15 C section 15.203 :
An intentional radiator shall be designed to ensure that no antenna other than that furnished by the

responsible party shall be used with the device.

- FCC Part 15 C section 15.247(c) (1)( 1) :
Systems operating in the 2 400 ~ 2 483.5 MHz band that are used exclusively for fixed,

point-to-point operations may employ transmitting antennas with directional gain greater than 6 dBi
provided the maximum conducted output power of the intentional radiator is reduced by 1 dB for

every 3 dB that the directional gain of the antenna exceeds 6 dBi.

4.2.2. Test Result
The antenna is Chip antenna. The directional gain of the antenna is 0.5 dBi. Please refer to the internal
photographs of EUT.

{

. .“'\I . :
S
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4.3. Occupied 6 dB Bandwidth

4.3.1. Requirement
- FCC Part 15 C section 15.247(a)(2) :
Systems using digital modulation techniques may operate in the 902 ~ 928 MHz, 2 400 ~ 2 483.5
MHz, and 5 725 ~ 5 850 MHz bands. The minimum 6 dB bandwidth shall be at least 500 kHz.

4.3.2. Test method
KDB 558074 D01 v03r05 and ANSI C63.10

4.3.3. Test Configuration

Spectrum Analyzer

i e |
A oo
ooo

SN EU.T

Non-Conducted Table

Ground Reference Plane

4.3.4. Test Procedure
1) Remove the antenna from the EUT and then connect a low attenuation RF cable from the antenna
port to the spectrum.
2) Set the spectrum analyzer :
a) Set RBW = 100 kHz.
b) Set the video bandwidth (VBW) = 3 x RBW.
¢) Detector = Peak.
d) Trace mode = max hold.
e) Sweep = auto couple.
f) Allow the trace to stabilize.
g) Measure the maximum width of the emission that is constrained by the frequencies associated
with the two outermost amplitude points (upper and lower frequencies) that are attenuated by 6 dB
relative to the maximum level measured in the fundamental emission.
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4.3.5. Test result
Test mode : BLE mode

Frequency 6 dB Bandwidth Limit
Test Channel Result
(MHz) (kHz) (kHz)
Low 2402 &38.00 =500 Pass
Middle 2 440 817.47 =500 Pass
High 2480 &19.86 =500 Pass
Frequency 99% Bandwidth Limit
Test Channel Result
(MHz) (kHz) (kHz)
Low 2402 1842.50 N/A N/A
Middle 2 440 1863.80 N/A N/A
High 2480 1919.20 N/A N/A

Test result : The unit does meet the FCC requirements.

Please refer to the following test plots:
Low Channel(2 402 MHz):

#EH Sweep Lo

Occupied Bandwidth Occ BH % Pwr
1.8425 MHz % dB

Transmit Freq Error
% dB Bandwidth
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Middle Channel(2 440 MHz):

= Agilent R T

B Atten 2
| Center , |
2.4400PPP0B GHz

#F ;E ‘HZ [
Occupied Bandwidth Occ BN % PWr
1.8638 MHz % dB

Transmit Freq Error
% dB Bandwidth

High Channel(2 480 MHz):

# Agilent R T

B Htter
| Center _ |
2.480000000 GHz

; BW 188 kHz

Occupied Bandwidth Occ BH % Pwr
1.9192 MHz % dB

Transmit Freq Error
% dB Bandwidth
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4.4. Maximum Peak Output Power

4.4.1. Requirement
- FCC Part 15 C section 15.247 (b)(3):

For systems using digital modulation in the 902 ~ 928 MHz, 2 400 ~ 2 483.5 MHz, and 5 725 ~ 5 850
MHz bands: 1 Watt.

- FCC Part 15 C section 15.247 (b)(4):

Except as shown in paragraph (c) of this section, if transmitting antennas of directional gain greater
than 6 dBi are used, the conducted output power from the intentional radiator shall be reduced below
the stated values in paragraph (b) (1), (b) (2), and (b) (3) of section, as appropriate, by the amount in
dB that the directional gain of the antenna exceeds 6 dBi.

4.4.2. Test Method
KDB 558074 D01 v03r05 and ANSI C63.10

4.4.3. Test Configuration

Spectrum Analyzer

e i e
f"‘\\ k==
o o |

ol ==s E0.T

Non-Conducted Table

Ground Reference Plane

4.4.4. Test Procedure

1) Remove the antenna from the EUT and then connect a low attenuation RF cable from the antenna
port to the spectrum.

2) Set the spectrum analyzer:
a) Set RBW = DTS bandwidth
b) Set the video bandwidth (VBW) = 3 x RBW.
¢) Set span = 3 x RBW.
d) Sweep time = auto couple.
e) Detector = Peak.
f) Trace mode = max hold.
g) Allow the trace to stabilize.
h) Use peak marker function to determine the peak amplitude level.
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4.4.5. Test result

Test mode : BLE mode

Measured Measured ..
Frequency Limit
Test Channel Channel Power | Channel Power Result
(MHz) (mW)
(dBm) (mW)
Low 2402 -2.57 0.55 1000.00 Pass
Middle 2 440 -2.26 0.59 1000.00 Pass
High 2480 -2.42 0.57 1000.00 Pass
This unit does meet the FCC requirements.
Please refer to the following test plots:
Low Channel(2 402 MHz):
% Agilent R T
dBm Atten 26 db
“|Marker
2.402345000 GHz
-2.57 dBm
#UBH 3 MHz
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Middle Channel(2 440 MHz):
5 Agilent R T

Em Atten 26 JB
Marker

2.439665000 GHz —
-2.26 dBm

# Il.lI E: l'l

High Channel(2 480 MHz):

w5 Agilent R T

dBm

Marker

2.479645000 GHz
-2.42 dBm

#WEH 3 MHz
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4.5. Peak Power Spectral Density

4.5.1. Requirement
- FCC Part 15 C section 15.247 (e):

For digitally modulated systems, the power spectral density conducted from the intentional radiator
to the antenna shall not be greater than 8 dBm in any 3 kHz band during any time interval of
continuous transmission. This power spectral density shall be determined in accordance with the
provisions of paragraph (b) of this section. The same method of determining the conducted output
power shall be used to determine the power spectral density.

4.5.2. Test Method
KDB 558074 D01 v03r05 and ANSI C63.10

4.5.3. Test Configuration

Spectrum Analyzer

e i e |
""'\\ ELE=ERE]
oo

== F.O.T

Non-Conducted Table

Ground Reference Plane

4.5.4. Test Procedure

1) Remove the antenna from the EUT and then connect a low attenuation RF cable from the antenna
port to the spectrum.

2) Set the spectrum analyzer:
a) Set analyzer center frequency to DTS channel center frequency.
b) Set the span to 1.5 times the DTS bandwidth.
¢) Set the RBW to: 3 kHz < RBW = 100 kHz.
d) Set the VBW = 3 x RBW.
e) Detector = peak.
f) Sweep time = auto couple.
g) Trace mode = max hold.
h) Allow trace to fully stabilize.
1) Use the peak marker function to determine the maximum amplitude level within the RBW.
) If measured value exceeds limit, reduce RBW (no less than 3 kHz) and repeat.
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4.5.5. Test result

BLE mode:
Measured Peak Power o
Frequency ) Limt
Test Channel Spectral Density Result
(MHz) (dBm/3 kHz)
(dBm/3 kHz)
Low 2402 -15.97 8 Pass
Middle 2 440 -14.95 8 Pass
High 2480 -16.64 8 Pass

This unit does meet the FCC requirements.

Please refer to the following test plots:

Low Channel(2 402 GHz):

' Mérker
2.402057000 GHz
-15.97 dBm

1

o th | |‘||'
i T .
i Y | P ,,-il 'Ih| i
I Al o ol! )
s 1| wl o P !
LN I !

f [ I
1 |I1-"|1;'I'|| fie ﬂ'r“‘f W II"’ﬂll-'l Fll"‘l" -lml I1‘.,‘I Nty n
e Vi l'l"ﬁ 1 VN S
| Y 'Illﬂ,'ulll,- h"|‘.' |1,..||;. |
!

)
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)

#WBH 18 kHz
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Middle Channel(2 440 GHz):
5 Agilent R T

T len
; 1 J'- |I4| || .Illl l‘,|||r|| .|' i
.L.|_.| A e .,‘r. l"'uli & b H” s '1|||h“|||‘ "'1'"h" iy i
ey, oy

i 1 Ul
|J “Ill

High Channel(2 480 GHz):

35 Agilent R T

S " S ] .L,
It i e } | rl J T I II| ‘]L_flll & h,lll iy .' I. ;
|!|1 | l iﬂW' || L IJ Lfl.l \‘U ! |I ,]rlfllq'IJ'L""l-"""'L"u' f\. fn

i “ L LJ
L.’Ilp ! & Al ~|l|| ||i u | “I " "“"ﬁ"'{ll

#WEBH 16 kHz

Report Number : KST-FRF-160089 Page 20/47

The test results presented in this report apply only to the specific sample(s) tested and described in the report itself. This Report
shall not be reproduced partially or in its entirety without the written approval of KST
KSTFR-P30-09(Rev.1.0)



K S T Korea Standard Testlab
107-27, Jangdeokdong-gil, Namyang-eup, Hwaseong-si, Gyeonggi-do, Korea
K00 Nandoed Testcd Tel : +82-31-356-7333 FAX : +82-31-356-7303

4.6. Conducted Spurious Emissions

4.6.1. Requirement
- FCC Part15 C section 15.247 (d) :

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating. The radio frequency power that is produced by the
intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that
contains the highest level of the desired power. Based on either an RF conducted or a radiated
measurement. Provided the transmitter demonstrates compliance with the peak conducted power
limits.

4.6.2. Test Method
KDB 558074 D01 v03r05 and ANSI C63.10

4.6.3. Test Configuration

Spectrum Analyzer

= =]
LR Hslsls
(o e

il S E.U.T

Non-Conducted Table

Ground Reference Plane

4.6.4. Test Procedure

1) Remove the antenna from the EUT and then connect a low attenuation RF cable from the antenna
port to the spectrum.

2) Set the spectrum analyzer:
a) Set the RBW =100 kHz.
b) Set the VBW =300 kHz.
¢) Detector = peak.
d) Sweep time = auto couple.
e) Trace mode = max hold.
f) Scan up through 10th harmonic.
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4.6.5. Test result

Test mode : 802.11b
Low Channel(2 402 MHz) : 30 MHz to 1 GHz

5 Agilent R T

Low Channel(2 402 MHz) : 1 GHz to 5 GHz

Ju} ﬂl"lu,lg

i g -
e T —— = T PR S el T b it bt A b ey B 1

F'iit'_ll
ES dEm
Em
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Low Channel(2 402 MHz) : 5 GHz to 26.5 GHz

I-.g“‘a Ao
ek JRCURITI prrwomesTE ¥ By )

" Ir W'j‘nm.'l-.u-_ﬂ.'uql\ P e 'IP""h‘v“"'""“"“‘-l‘l,ﬁ\'ﬁﬂ*dp\*"'""h'."“"*‘-" o
- .f,},\..;mb T Lk ST AT -.-uu._a_-..

Middle Channel(2 440 MHz) : 30 MHz to 1 GHz

% Agilent

{Bm Atten 2
Marker

128.000000 MH=z
-64.87 dBm
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Middle Channel(2 440 MHz) : 1 GHz to 5 GHz

:
o o= o W T S PN e o B L e A s P P T R g g by

;MH ,’PJ“’]'"S;L

Middle Channel(2 440 MHz) : 5 GHz to 26.5 GHz

R L P
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High Channel(2 480 MHz) : 30 MHz to 1 GHz

§ ﬂ

| -'\'L,j'_..,__ = .-..nd..»,.w.m-....,w-&u1.-1-,#'«.%-H.u:-'mn--.-c'-m'—::J
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High Channel(2 480 MHz) : 5 GHz to 26.5 GHz

= Agilent R T

| A.\-' W ‘J
s A T |y e BRI
Ml g, e yited T it o
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4.7.1. Requirement

Korea Standard Testlab

4.7. Radiated Spurious Emission

- FCC Part15 C section 15.247 (d) :
In addition, radiated emissions which fall in the restricted bands, as defined in Section 15.205(a),

must also comply with the radiated emission limited specified in Section 15.209(a) (see Section

107-27, Jangdeokdong-gil, Namyang-eup, Hwaseong-si, Gyeonggi-do, Korea
Tel : +82-31-356-7333 FAX : +82-31-356-7303

15.205(c)).
4.7.2. Test Method

ANSI C63.10

1) Test site
Measurement Distance : 3 m

2) Receiver setup
Frequency Detector RBW VBW Remark
9 kHz ~ 150 kHz Quasi-peak 200 Hz 1 kHz Quasi-peak Value
150 kHz ~ 30 MHz Quasi-peak 9 kHz 30 kHz Quasi-peak Value
30 MHz ~ 1 GHz Quasi-peak 120 kHz 300 kHz Quasi-peak Value

Peak 1 MHz 3 MHz Peak Value
Above 1 GHz
ove RMS 1 MHz 3 MHz Average Vaile

3) Limit

Frequency Field Strength Distance Remark
(microvolts/meter) (meter)
9 kHz ~ 490 kHz 2400/F(kHz) 300 Quasi-peak Vaule
490 kHz ~ 1.705 MHz | 24000/F(kHz) 30 Quasi-peak Vaule
1.705 MHz ~30 MHz | 30 30 Quasi-peak Vaule
30 MHz ~ 88 MHz 100 3 Quasi-peak Vaule
88 MHz ~ 216 MHz 150 3 Quasi-peak Vaule
216 MHz ~ 960 MHz | 200 3 Quasi-peak Vaule
960 MHz ~ 1 GHz 500 3 Quasi-peak Vaule
500 3 Average Value
Above 1 GHz
ove1G 5000 3 Peak Value

4) Test Frequency Range

9 kHz ~26.5 GHz
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4.7.3. Test Configuration
1) 9 kHz to 30 MHz emissions:

0.6m Loop Antenna

2) 30 MHz to 1 GHz emissions:

Antenna Towsr
Antenna

\

o II..
-
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3) 1 GHz to 26.5 GHz emissions:

b ar 3m

|

> 1

_,:- | (Turntable)

7

]

— o i e | ——
e Hoen Antenna T~
< EUT -

AE |

Antenna Tower

Grourd Reference Plane

HE T |
Test Recelver Elj_[_] 0.0

|

Il

4.7.4. Test Procedure

1) The EUT was placed on the top of a turntable, which was 0.8 m above the ground for below 1 GHz

and 1.5 m for above 1 GHz.

2) The turntable was rotated 360 degrees to determine the position of the highest radiation.
3) The EUT was set 3 m away from interference-receiving antenna, which was mounted on the top of

a variable-height antenna tower.

4) The antenna height is varied from on meter to four meters above the ground to determine the

maximum value of the field strength. Both horizontal and vertical polarization of antenna are set

to make the measurement.

5) For each suspected emission, the EUT was arranged to its worst case and then the antenna was
tuned to heights from 1m to 4m and the turntable was turned from 0 degrees to 360 degrees to find

the maximum reading.

6) The test-receiver system was set to Peak Detection Function and Specified Bandwidth with

Maximum Hold Mode.
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4.7.5. Test result
- All Radiated Spurious Emission tests were performed in X, Y, Z axis direction. And only the worst
axis test condition was recorded in this test report.
1) Test at low Channel (2 402 MHz) in transmitting status
a) Field Strength of unwanted emissions for frequency range 9 kHz ~ 30 MHz.
(Detect mode : Quasi-Peak )
The measurements with active loop antenna were greater than 20 dB below the limit, so the test
data were not recorded in the test report.
b) Spurious emissions for frequency range 30 MHz ~ 1 GHz. (Detect mode : Quasi-Peak)

Vertical: Level (dBxV/m)
TS Ref 70,00 dBu¥/m < Final Data > . :
ER-265
60,00
FCC PART 15 CJ3M) II‘-K"! Peak
000 ‘ OFF
— T e
40,00 = ;
¥ | omeon
30.00 12 _ 2uas|-P
; 5 45 M e
20.00 [ 4 -ﬁ AT
BT L T .
Al v N M 1K | I_|"""
10.00 W “"-le.-il T e
Q.00
=10.00
-20.00
-30.00 100 MHz 1 GHz
Start 30.000000 MHz Stop  1.000000000 CHz
Frequency Polarization Emission Level Limit Margin
(MHz) Detect Mode (V/H) (dBV/m) (dBV/m) (dB)
143.98 Quasi-Peak v 18.70 43.50 24.80
409.30 Quasi-Peak A% 28.84 46.00 17.16
* Remark:
1) The Emission Level values are included “Correction Factor”
2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”
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Horizontal: Level (dBzV/m)
o Ref 70,00 dBuV /m < Final Data > . :
ER-2865
60.00
HCC PART 15 C3M) |1’-K__! Pesk
50,00 ‘ OFF
— 1 1 | © |07 OFF
40,00 = -
|' . ba & I'? I-jllﬂ'.[GrJ
30.00 [+ = * ¥ VI '- Lirnit O
_55 E' 3 i /’& 3 ) W N '
20.00 ; s I ™
¥ 7 i .'ﬁ_‘1-_ i I.'. llTH1r.‘IL‘ ""A'I‘W‘)
10.00 ' 1L
.00
=10.00
-20.00
-0.00 100 MHz 1 GHz
Start  30.000000 MHz Stop  1.600000000 GHz
Frequency Polarization Emission Level Limit Margin
Detect Mode
(MHz) (V/H) (dByNV/m) (dBV/m) (dB)
143.98 Quasi-Peak H 20.46 43.50 23.04
409.26 Quasi-Peak H 28.87 46.00 17.13
* Remark:
1) The Emission Level values are included “Correction Factor”
2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”.
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¢) Harmonics & Spurious emissions for frequency range 1 GHz ~ 26.5 GHz. [Peak & average

measurement|
Peak Measurement :

Frequency Polarization Emission Level Limit Margin
(MHz) (V/H) (dBV/m) (dByV/m) (dB)
2663.71 A% 50.16 74.00 23.84
2689.37 H 48.15 74.00 25.85
4492.96 H 49.68 74.00 24.32
5821.69 A% 50.11 74.00 23.89
Average Measurement :

Frequency Polarization Emission Level Limit Margin
(MHz) (V/H) (dBV/m) (dB/V/m) (dB)
2678.63 H 42.82 54.00 11.18
2681.23 A% 42.64 54.00 11.36
5770.19 \% 42.88 54.00 11.12
5813.24 H 40.13 54.00 13.87
* Remark:

1) The Emission Level values are included “Correction Factor”

2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”

3) As shown in Section, for frequencies above 1 GHz. the above field strength limits are based on average
limits. However, the peak field strength of any emission shall not exceed the maximum permitted
average limits specified above by more than 20 dB under any condition of modulation.

4) The test only perform the EUT in transmitting status since the test frequencies were over 1 GHz
only required transmitting status.
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2) Test at middle Channel (2 440 MHz)in transmitting status
a) Field Strength of unwanted emissions for frequency range 9 kHz ~ 30 MHz.
(Detect mode : Quasi-Peak)
The measurements with active loop antenna were greater than 20 dB below the limit, so the test
data were not recorded in the test report.
b) Spurious emissions for frequency range 30 MHz ~ 1 GHz. (Detect mode : Quasi-Peak)

Vertical: Level (dBzV/m)
TS Ref 70,00 dBuV/m < Final Data > . :
ER-2865
60.00
FCC PART 15 CI38M) [BR]| pey)
50,00 ‘ OFF
e e | OFF
40,00 |- 20 =
|q' ljll':‘]'.[ ]
30.00 — ekl ©
i = 3 186 ¥ \ Lirrat ON
- L (& 7 i M
20,00, yoorie PR "'\.w}' o
W, 2 K ( J"“:"" |'| I“il-“ ": ;‘."'."',L I"w}l w’)w,l"ﬂ
10.00 i T atd
.00
=10.00
-20.00
-30.00 100 MHz 1 GHz
Start  30.000000 MHz Stop  1.000000000 CHz
Frequency Polarization Emission Level Limit Margin
Detect Mode
(MHz) (V/H) (dByNV/m) (dBV/m) (dB)
143.98 Quasi-Peak v 21.78 43.50 21.72
409.38 Quasi-Peak v 28.75 46.00 17.25
* Remark:
1) The Emission Level values are included “Correction Factor”
2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”.
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Horizontal: Level (dBuV/m)
o Ref 70,00 dBuV /m < Final Data > . :
ER-265
60.00
FCC PART 15 CJ3M) |1’-K__! Peak
50,00 ‘ OFF
— T e
4000 = P
; , 15 Y | umicon
30.00| AT 8 e it Lot ON
£ i T [ % ; fi o
20.00 1z - P
T 3 ‘%Il.ll -_,.l Tllllul r,k 19 | W k}‘*“
10.00 o AR TS e
.00
=10.00
-20.00
-0.00 100 MHz 1 GHz
Start  30.000000 MHz Stop  1.600000000 GHz
Frequency Polarization Emission Level Limit Margin
Detect Mode
(MHz) (V/H) (dBV/m) (dBV/m) (dB)
143.98 Quasi-Peak H 19.72 43.50 23.78
409.71 Quasi-Peak H 28.31 46.00 17.69
* Remark:
1) The Emission Level values are included “Correction Factor”
2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”.
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¢) Harminics & Spurious emissions for frequency range 1 GHz ~ 26.5 GHz.[ Peak & Average

Measurement]
Peak Measurement:

Frequency Polarization Emission Level Limit Margin
(MHz) (V/H) (dBV/m) (dBV/m) (dB)
2670.31 H 49.68 74.00 24.32
2673.43 A% 49.83 74.00 24.17
5862.35 H 49.87 74.00 24.13
5913.47 \'% 50.12 74.00 23.88
Average Measurement:

Frequency Polarization Emission Level Limit Margin
(MHz) (V/H) (dBzV/m) (dBV/m) (dB)
2690.17 H 42.81 54.00 11.19
2691.24 \'% 41.98 54.00 12.02
5789.46 v 41.67 54.00 12.33
5801.43 H 41.92 54.00 12.08
* Remark:

1) The Emission Level values are included “Correction Factor”

2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”

3) As shown in Section, for frequencies above 1 GHz. the above field strength limits are based on average
limits. However, the peak field strength of any emission shall not exceed the maximum permitted
average limits specified above by more than 20 dB under any condition of modulation.

4) The test only perform the EUT in transmitting status since the test frequencies were over 1 GHz
only required transmitting status.
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3) Test at high Channel (2 480 MHz) in transmitting status
a) Field Strength of unwanted emissions for frequency range 9 kHz ~ 30 MHz.
(Detect mode : Quasi-Peak )
The measurements with active loop antenna were greater than 20 dB below the limit, so the test
data were not recorded in the test report.
b) Spurious emissions for frequency range 30 MHz ~ 1 GHz. (Detect mode : Quasi-Peak)

Vertical: Level (dBzV/m)
roi Ref 70.00 dBuVv /m < Final Data > _—
ER-265
60,00
FOC PART 15 C[3M] [BR]| ey
50,00 OFF
= CHFF
4000 - .
Uit on
S00Y B LirmitON
20.00 ' i_ R ".."E s T I}L"'}h '¥
10,00 v ; "'-?.h.l---llll | h., ; : f Il.-.r',.-.t '-,.*JJ
- 1 1 ",l_ f I._...'_{'i'-\ 4
Q.00
=10.00
~20.00
-30.00 YT 1 GHz
Start 30.000000 MHz stop  1.000000000 GHz
Quasi-peak measurement
Frequency Polarization Emission Level Limit Margin
Detect Mode
(MHz) (V/H) (dByV/m) (dBV/m) (dB)
143.95 Quasi-Peak A% 24.54 43.50 18.96
409.45 Quasi-Peak v 28.52 46.00 17.48
* Remark:
1) The Emission Level values are included “Correction Factor”
2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”.
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Horizontal: Level (dBzV/m)
o Ref 70,00 dBuV /m < Final Data > . :
ER- 265
60.00
HCC PART 15 C3M) |1’-K__! Pesk
50,00 ‘ OFF
— 1 1 | © |07 OFF
40,00 = "
v 3 . % A | Lmicon
30.00/ 17 , Fie LN | :
. - . ; 1$| ._‘;.\ i » Iﬁniﬁ‘ T Lirrat ON
20.00 R 3 i L Lo f\.ﬂ:j b
N LT e T Y T Y
10.00 W AT VeV "y
.00
=10.00
-20.00
-0.00 100 MHz 1 GHz
Start  30.000000 MHz Stop  1.600000000 GHz
Quasi-peak measurement
Frequency Polarization Emission Level Limit Margin
Detect Mode
(MHz) (V/H) (dBV/m) (dBV/m) (dB)
143.95 Quasi-Peak H 17.63 43.50 25.87
409.56 Quasi-Peak H 28.51 46.00 17.49
* Remark:
1) The Emission Level values are included “Correction Factor”
2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”.
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¢) Harmonics & Spurious emissions for frequency range 1 GHz ~ 26.5 GHz . [Peak & average

measurement|
Peak Measurement:

Frequency Polarization Emission Level Limit Margin
(MHz) (V/H) (dBxV/m) (dBV/m) (dB)
2680.84 H 48.79 74.00 25.21
2766.18 A% 49.89 74.00 24.11
5782.34 \'% 48.27 74.00 25.73
5799.31 H 49.82 74.00 24.18
Average Measurement:

Frequency Polarization Emission Level Limit Margin
(MHz) (V/H) (dB4V/m) (dBxV/m) (dB)
2683.47 H 41.69 54.00 12.31
2688.64 v 42.38 54.00 11.62
5762.15 H 42.03 54.00 11.97
5771.39 \'% 41.87 54.00 12.13
* Remark:

1) The Emission Level values are included “Correction Factor”

2) Correction Factor = “Antenna Factor” + “Cable Loss” - “Amp. Gain”

3) As shown in Section, for frequencies above 1 GHz. the above field strength limits are based on average
limits. However, the peak field strength of any emission shall not exceed the maximum permitted
average limits specified above by more than 20 dB under any condition of modulation.

4) The test only perform the EUT in transmitting status since the test frequencies were over 1 GHz
only required transmitting status.
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4.8. Band Edges Compliance

4.8.1. Requirement
- FCC Part15 C section 15.247 (d) :

In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally
modulated intentional radiator is operating, the radio frequency power that is produced by the
intentional radiator shall be at least 20 dB below that in the 100 kHz bandwidth within the band that
contains the highest level of the desired power, based on either an RF conducted or a radiated
measurement, provided the transmitter demonstrates compliance with the peak conducted power
limits. If the transmitter complies with the conducted power limits based on the use of RMS
averaging over a time interval, as permitted under paragraph (b)(3) of this section, the attenuation
required under this paragraph shall be 30 dB instead of 20 dB. Attenuation below the general limits
specified in Section 15.209(a) is not required. In addition, radiated emissions which fall in the
restricted bands, as defined in Section 15.205(a), must also comply with the radiated emission limits
specified in Section 15.209(a) (see Section 15.205(c)).

4.8.2. Test Method
KDB 558074 D01 v03r05 and ANSI C63.10

4.8.3. Test Configuration

Spectrum Analyzer

o f s f |
4 === e
e sy |
s s o |

oo E.U.T

Non-Conducted Table

Ground Reference Plane

4.8.4. Test Procedure

1)Remove the antenna from the EUT and then connect a low attenuation RF cable from the antenna
port to the spectrum.
2) Set the spectrum analyzer:

a) Set start frequency to DTS channel edge frequency.

b) Set stop frequency so as to encompass the spectrum to be examined.
c¢) Set RBW =100 kHz.

d) Set VBW = 300 kHz.

e) Detector = peak.

f) Trace Mode = max hold.
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g) Sweep = auto couple.

h) Allow the trace to stabilize (this may take some time, depending on the extent of the span).

1) Use peak marker function to determine maximum amplitude of all unwanted emissions within
any 100 kHz bandwidth.

4.8.5. Test result
In any 100 kHz bandwidth outside the frequency band in which the spread spectrum modulated EUT
was operating, the radio frequency power that was produced by the EUT was at least 20 dB below that
in the 100 kHz bandwidth within the band that contains the highest level of the desired power, based
on an RF conducted measurement, provided the transmitter demonstrates compliance with the peak
conducted power limits. The radio frequency power that was produced by the EUT was at least 20 dB
below that in the 100 kHz bandwidth within the band that contains the highest level of the desired

power.

Result plot as follows:

Low Channel(2 402 MHz):

= Agilent R T

ABm Atten 26 dE
Marker _ |
2.400000000 GHz|
—-41.29 dBm _

.
FE R o e

Report Number : KST-FRF-160089 Page 40/47
The test results presented in this report apply only to the specific sample(s) tested and described in the report itself. This Report
shall not be reproduced partially or in its entirety without the written approval of KST

KSTFR-P30-09(Rev.1.0)



K S T Korea Standard Testlab
2 107-27, Jangdeokdong-gil, Namyang-eup, Hwaseong-si, Gyeonggi-do, Korea
K0%%a Handord Tesich Tel : +82-31-356-7333 FAX : +82-31-356-7303

High Channel(2 480 MHz):

S L L

L Vot
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4.9. AC Powerline Conducted Emission

4.9.1. Requirement
FCC Part 15 C section 15.207

4.9.2. Test Method

ANSI C63.4
1) Frequency Range
150 kHz to 30 MHz
2) Detector
Peak for pre-scan (9 kHz Resolution Bandwidth)
3) Test Limit
Limits for conducted disturbance at the mains ports of class B
Frequency Range Class B Limit dB(pV)
(MHz) Quasi-peak Average
0.15 10 0.50 BE to 56 56 to 46
050t05 56 46
510 30 60 50
NOTE 1 The limit decreases linearly with the logarithm of the frequency in the range 0,15 MHz
to 0,50 MHz.
4) EUT Operation

The test mode was normal operating mode. For intentional radiators, the measurements of the
variation of the input power or the radiated signal level of the fundamental frequency component of
the emission, as appropriate, was performed with the supply voltage varied between 85% and 115%
of the nominal rated supply voltage.

Pre-Scan has been conducted to determine the worst-case mode from all possible combinations
between available modulations, data rates and antenna ports (if EUT with antenna diversity
architecture).
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4.9.3. Test Configuration

Shielding Room

Test Receiver

LISNT F L
L

Ground Refererce Plang

4.9.4. Test procedure

1) The mains terminal disturbance voltage test was conducted in a shielded room.

2) The EUT was connected to AC power source through a LISN 1 (Line Impedance Stabilization
Network) which provides a 50/50uH + Slinear impedance. The power cables of all other units of
the EUT were connected to a second LISN 2, which was bonded to the ground reference plane in
the same way as the LISN 1 for the unit being measured. A multiple socket outlet strip was used
to connect multiple power cables to a single LISN provided the rating of the LISN was not
exceeded.

3) The tabletop EUT was placed upon a non-metallic table 0.8m above the ground reference plane.
And for floor-standing arrangement, the EUT was placed on the horizontal ground reference
plane, but separated from metallic contact with the ground reference plane by 0.1m of insulation.

4) The test was performed with a vertical ground reference plane. The rear of the EUT shall be
0,4 m from the vertical ground reference plane. The vertical ground reference plane was bonded
to the horizontal ground reference plane. The LISN 1 was placed 0,8 m from the boundary of the
unit under test and bonded to a ground reference plane for LISNs mounted on top of the ground
reference plane.

This distance was between the closest points of the LISN 1 and the EUT. All other units of the
EUT and associated equipment was at least 0,8 m from the LISN 2.
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4.9.5. Test result
Pre-scan was performed with peak detected on all ports, Quasi-peak & average measurements were
performed at the frequencies at which maximum peak emission level were detected.
Please see the attached Quasi-peak and Average test results.
Hot Line — PE(Peak and Average detector used)

® RBW o kHz
™MT 1 s
Att 10 dB
Al ) T MHzZ 1O MHz
L70
[1_FH
BEES b ©

2 av |60
CLRWR TOS

-+ +

Sav
Y e r«e""’\.\_.\
] Pt

10

150 kH=z 30 MHz

Date: 11.0CT.2016 09:17:13

Neutral Line — PE(Peak and Average detector used)

® RBW 9 kHz
MT 1 =

Att 10 dB

aBRV T80 T MHz 10 MH=z

150 kH=z 30 MH=z

Date: 11.0CT.2016 09:21:33
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Quasi-Peak Average
Frequency | Line
(MHz) (H/N) |[EmissionLevel  Limit Margin  |EmissionLevel|  Limit Margin
(dBuV) (dB&V) (dB) (dBV) (dB&V) (dB)
0.166 H 4191 65.16 23.25 - - -
0.174 N 40.46 64.77 2431 - - -
0.250 H 39.53 61.76 22.23 - - -
0.250 N 38.35 61.76 23.41 - - -
0.310 N 30.92 59.97 29.05 - - }
0.370 N 34.20 58.50 24.30 - - -
0.374 H 35.81 58.41 22.60 - - -
0.518 H 29.41 56.00 26.59 - - -
1.034 H 27.57 56.00 28.43 - - -
1.190 H 28.15 56.00 27.85 - - }
1.306 N 28.19 56.00 27.81 - - -
1.374 H 28.61 56.00 27.39 - - -
1.758 N 26.25 56.00 29.75 - - -
* Remark:

1) Margin (dB) = Limit — Emission Level

2) Emission Level = Measured Value + LISN Factor + Cable Loss

3) “H”: Hot Line, “N”: Neutral Line

4) Peak and quasi-peak values is omitted because it is the average measurement result is below the average
reference value.
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4.10. Radio Frequency Exposure Procedures

4.10.1. Requirement

According to §15.247(1) and § 1.1310, systems operating under the provisions of this section shall be

operated in a manner that ensures that the public is not exposed to radio frequency energy levels in

excess of the Commission's guidelines.

Limit of Maximum Permissible Exposure:

Limits for Occupational / Controlled Exposure

Averaging Time

Frequency Range Electric Field Magnetic Field Power Density (S) E[2 [HJ? or S
(MHz) Strength (E) (V/m) | Strength (H) (A/m) (mW/ cm?) (rn!inutes)
0.3-3.0 614 1.63 (100)* 6
3.0-30 1842/ f 489 /f (900 / )* 6
30-300 61.4 0.163 1.0 6

300-1500 - - F/300 8
1500-100,000 - - 5 B8

Limits for General

Population / Uncont

rolled Exposure

Frequency Range

Electric Field

Magnetic Field

Power Density (S)

Averaging Time
[E],|HP or S

(MHz) Strength (E) (V/m) | Strength (H) (A/m) (mW/ cm?) (minutes)
0.3-1.34 614 1.83 (100)* 30
1.34-30 824/f 2194 (180/f)* 30
30-300 27.5 0.073 0.2 30
300-1500 - - F/1500 30
1500-100,000 - - 1.0 30
Note 1: f = frequency in MHz ; *Plane-wave equivalent power density
Note 2: For the applicable limit, see FCC 1.1310
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4.10.2. Conclusion
1) Maximum Measured Transmitter Power:

Maximum Peak Conducted
Channel . : .
Output Power Max Antenna Gain | Numeric antenna gain
Frequency .
(dB1) (mW)
(MHz) (dBm) (mW)
2440 -2.26 0.59 0.5 1.12

For Mobile RF Exposure Evaluation: The power density (S) should be < 1.0 mW/em? to meet the exemption.
Combine two equations for Field Strength and Power density, you can come up to this formula:
S = (30*P*G)/(377d?) = (30*0.59*1.12)/377*(20)* = 1.315 mW/cm?
With:  S: Power Density (mW/cm?).
P: Transmitter power (mW); G: Max Ant Gain (dBi); d: Distance (cm).

Report Number : KST-FRF-160089 Page 47/47

The test results presented in this report apply only to the specific sample(s) tested and described in the report itself. This Report
shall not be reproduced partially or in its entirety without the written approval of KST
KSTFR-P30-09(Rev.1.0)



	KST-FRF-160089_BHTTS5401
	개요
	1. General Information
	1.1. Client Information
	1.2. General Description of E.U.T.
	1.3. Details of E.U.T.
	1.4. Test Facility

	2. Test Equipment and Ancillaries used for Tests
	3. Summary of Test Results
	4. Test Results
	4.1. E.U.T. test conditions
	4.1.1. EUT channels and frequencies list
	4.1.2. Test Mode

	4.2. Antenna 
	4.2.1. Requirement
	4.2.2. Test Result

	4.3. Occupied 6 dB Bandwidth
	4.3.1. Requirement
	4.3.2. Test method
	4.3.3. Test Configuration
	4.3.4. Test Procedure
	4.3.5. Test result

	4.4. Maximum Peak Output Power
	4.4.1. Requirement
	4.4.2. Test Method
	4.4.3. Test Configuration
	4.4.4. Test Procedure
	4.4.5. Test result

	4.5. Peak Power Spectral Density
	4.5.1. Requirement
	4.5.2. Test Method
	4.5.3. Test Configuration
	4.5.4. Test Procedure
	4.5.5. Test result

	4.6. Conducted Spurious Emissions
	4.6.1. Requirement
	4.6.2. Test Method
	4.6.3. Test Configuration
	4.6.4. Test Procedure
	4.6.5. Test result

	4.7. Radiated Spurious Emission 
	4.7.1. Requirement
	4.7.2. Test Method
	4.7.3. Test Configuration
	4.7.4. Test Procedure
	4.7.5. Test result

	4.8. Band Edges Compliance
	4.8.1. Requirement
	4.8.2. Test Method
	4.8.3. Test Configuration
	4.8.4. Test Procedure
	4.8.5. Test result 

	4.9. AC Powerline Conducted Emission
	4.9.1. Requirement
	4.9.2. Test Method
	4.9.3. Test Configuration
	4.9.4. Test procedure
	4.9.5. Test result

	4.10. Radio Frequency Exposure Procedures  
	4.10.1. Requirement
	4.10.2. Conclusion







